The present paper focuses on the investigation and improvement of the electrical performance of photovoltaic mono-crystalline silicon solar cells. Where, temperature effect was studied in details, where cells loss were observed, analyzed, and several trials to reduce its value were investigated applying passive and active aluminum heat sinks. Also, introduction of thermoelectric generators was proved to pronouncedly enhance the cells performances. The dependences of the opencircuit voltage, maximum output power, short-circuit current, and power conversion efficiency on temperature were observed. Where, their values were reported to be in the order of -2. 
Introduction
The photovoltaic effect refers to the electromotive force generated at metal semi-conductor and semiconductor junctions upon excitation by electromagnetic radiation [1] . A solar cell (also called a photovoltaic cell) is an electrical device that converts the energy of light directly into electricity in the form of photocurrent by the photovoltaic effect [2] . The equivalent circuit of an ideal solar cell [3] is shown in Fig. (1) . The output power of crystalline silicon solar cells decreases significantly with increased temperature with about a 0.40 -0.50 % loss for every degree Celsius [4] [5] [6] . This drop in the output power is mainly due to the open circuit voltage (V oc) , which also goes down by about 0.40 %/ o C, the matter is due to the increased recombination in the semiconductor at higher temperatures stemming from the greater prevalence of phonons [7] . The efficiency (ƞ) of a solar cell (Eq.1) is an important parameter to compare the performance of one solar cell to another. It could be defined as the ratio of the photo-voltaically generated electric output power (P max ) from the solar cell to that energy (P in ) received from the sun [8] .
Where; FF: Fill Factor and could be determined from Eq. (2).
SC oc
Where: I sc : Short-circuit current V MP : Maximum voltage and I MP : Maximum current.
Experimental 2.1. Output Characteristics
During the course of the study, Si-solar cell samples and thermoelectric devices were used. The solar cells are mono-crystalline silicon with 5.70 cm in diameter, manufactured by Sargent -Welch (Fig. 2a) , while, thermoelectric samples (TE) were of the type 06311-5L31-02CDK (Fig. 2b) , manufactured by Customer Thermoelectric, Inc. [9] . The thermal and electrical performances of the solar cells were investigated, applying the circuit shown in Fig. (3) . In this concern, the (I-V) characteristic curves [10] were plotted under different illumination levels. Also, the effect of the cell temperature on the different electrical parameters [11] was studied under different operating conditions (Table 1) .
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Temperature Effects
The dependence of the electrical parameters of the proposed solar cells on temperature was studied. In this concern, the sample was kept running at different illumination levels while recording, periodically, their output parameters and temperature. 
Maximum Output Power and Fill Factor
The dependence of the maximum output power (P max ) and fill factor (FF) of silicon solar cell on the illumination levels was shown in Fig. (7) . From which, it is clear that both parameters were shown to increase linearly, as a function of the illumination level. 
Temperature Effects
The dependence of the electrical performance of the proposed solar cells on temperature was studied. In this concern, the proposed sample was kept running at different illumination levels while recording their output parameters and temperature, at different operating times (Fig. 8) . mA, measured at 156 o C. The rate of current increase due to temperature was calculated to be around +0.22 mA/ o C (Fig. 9a) . Besides, V oc was decreased from 0.482 Volt down to 0.215 Volt, measured within the same temperature range. The rate of decrease was calculated to be around -2.3 mV/ o C (Fig.   9b ). On the other hand, the maximum output power and power conversion efficiency (ƞ) of the cell were calculated and plotted, as a function of temperature, where a decreasing rates of -0.59 mW/ o C (Fig. 10a) , and -0.065 %/ o C (Fig. 10b) were recorded, respectively. 
Improvement of Solar Cell Performance
The present part of the work was mainly concerned with the improvement of the power conversion efficiency of the proposed silicon solar cells, applying the following hybrid techniques:
1) Solar cell/thermoelectric hybrid system (PV/TEG), 2) Solar cell/thermoelectric/passive heat sink hybrid system (PV/TEG/pHS) and 3) Solar cell/thermoelectric/active heat sink hybrid system (PV/TEG/aHS). . On the other hand, the dependence of both P max and ƞ on temperature were shown in Fig. (12) .
From which, it is clear that the rate of P max decrease was shown to be from -0.59 mW The output of both the solar cell and thermoelectric [12] of the different hybrid systems was monitored, calculated, added to each other, and plotted at different temperature levels (Fig. 13) . 
Conclusions
From the experimental work, results, analysis and discussions, it could be concluded that during normal operation of silicon solar cells their electrical characteristics are greatly influenced with their temperature rise. Where, a pronounced drop on their output voltage, power, and consequently their conversion efficiency was reported. The matter was greatly improved applying different hybrid techniques, based on thermoelectric devices and passive and active heat sinks. The application of the thermoelectric devices, as a power generators, was proved to be effective as a cooling media for the
